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ilarIn a recent communication, Wanget al.1 reported the
growth, by molecular beam epitaxy~MBE!, of very uniform
Ge quantum dots~QDs! on Si~001! substrates. The dot
emerge from a wetting layer, apparently composed of a S
alloy spontaneously formed as a result of interdiffusio
They also report the results of photoluminescence~PL! mea-
surements performed on their samples at 16 K.1 In their spec-
tra, two very narrow~full width at half maximum'1.6
meV! lines appear at photon energies of 0.767 and 0.789
These peaks were attributed, respectively, to no-phonon~NP!
and phonon-assisted@longitudinal acoustical phonon~LA !#
recombination of excitons confined within the Ge QDs. Th
narrowness was taken as evidence of the size uniformit
the dots. More recently, De Padovaet al.2 pointed out that
similar lines appear in the spectra of a variety of Si/Si
microstructures, short-period Si/Ge superlattices, and
tially relaxed SiGe quantum wells. These samples have c
pletely different architectures and morphologies from
ones in Ref. 1. The ubiquity of these lines leads them
conclude that the PL lines reported by Wanget al.1 do not
originate in the Ge QDs. Instead, they suggest that th
lines are related to Si/Ge intermixing at the interface.2 We
note, however, that sharp PL lines at these photon en
values appear also in bulk Si as a result of recombinatio
different deep impurity complexes.3
In an effort to provide a definitive interpretation fo
these lines, we studied the PL spectra, at various temp
tures, of a series of multiple Si/Gen /Si quantum wells~n
53, 4, 5, and 6 ML!, grown by MBE on a Si~001! substrate.
To separate the lines which originate in the substrate fr
those arising from the MBE-grown structure, we divided t
sample withn55 ML into two pieces and we polished an
etched the back~substrate! end of one of the pieces. We the
mounted both pieces~one with the film side up and the othe
with the substrate side up! side by side in the sample holde
a!Electronic mail: pedro@unb.br1450003-6951/99/75(1)/145/2/$15.00
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of a Janis immersion cryostat. We proceeded to obtain
spectra of both pieces at different temperatures~in the range
between 2 and 50 K! using the 514.5 nm line of an argon-io
laser as the exciting radiation. The experimental details
the PL measurements and of the sample architecture
given in Ref. 4.
The PL spectrum of the front end of the sample at 2.1
@Fig. 1~a!#, is dominated by broad emission lines, at;0.92
and 0.97 eV, attributed to recombination within the Ge qu
tum wells.4 Upon raising the temperature beyond 10 K, ho
ever, the spectrum suffers qualitative changes. The broad
minescence lines are quenched and thin, strong lines, sim
FIG. 1. PL spectra of the front@~a! and ~c!# and back@~b! and ~d!# ends of
our sample at 2.1 K@~a! and ~b!# and 16 K@~c! and ~d!#. Insets show the
spectra of~c! and ~d! with an augmented vertical scale.© 1999 American Institute of Physics
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 This ato those of Ref. 1, dominate the spectrum@Fig. 1~c!#. All our
samples exhibit identical behavior. Next, we obtained
spectra from the back of the sample~substrate! at the same
temperatures. These results are displayed in Figs. 1~b! and
1~d! for 2.1 and 16 K, respectively. The strong PL line
0.767 eV appears in the spectra of both the front and b
ends of the sample even at 2.1 K@Figs. 1~a! and 1~b!#. Oth-
erwise, both spectra at this temperature are quite dissim
At T516 K, however, the spectra of the front and back en
of the sample are essentially identical@compare Figs. 1~c!
and 1~d!#. This is emphasized in the inset of Figs. 1~c! and
1~d!, where the vertical scale is enlarged in order to sh
also the weaker lines in both spectra. Several sharp, na
lines are observed in both spectra at the same photon en
and with the same relative intensities.The fact that these
lines appear in both spectra identifies them unequivocally
recombination taking place in the substrate, i.e., bulk
lines.The various emission lines of bulk Si are cataloged
Davies’ extensive review.3 These PL lines of bulk Si appearticle is copyrighted as indicated in the article. Reuse of AIP content is sub









at the same photon energies and with similar linewidth a
relative intensities as those in Fig. 1. These results con
our identification.
We believe that our simple experiment answers u
equivocally the questions raised by De Padovaet l.2 about
the PL lines reported in Ref. 1. These lines clearly origin
in recombination taking place at deep impurity centers in
Si substrates, and are unrelated to the microstructure de
ited on them.
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